Abstract: Objective. To examine alternative tobacco product (ATP) use and associated factors among middle school students in Appalachian Tennessee. Method. Data (2015Data ( -2016; N=573) from school-based tobacco surveys in 11 middle schools in Appalachian Tennessee were analyzed. Multiple logistic regression model described factors associated with ATP use. Results. More than one-tenth (13.2%) of participants have ever used ATPs. Approximately 9%, 7%, 6%, and 2% of participants have ever used e-cigarettes, cigarettes, smokeless tobacco, and little cigars or cigarillos, respectively. The following were significantly associated with ever use of ATPs: believing tobacco users have more friends, owning tobacco-branded item(s), living with a tobacco user, having ever smoked cigarettes, and living in homes where smoking is allowed. Conclusion. More than one in 10 of participants have ever used at least one ATP, and association with desirable objects and situations may promote ATP use. Interventions should seek to reduce these positive images and make all tobacco products unappealing.
2007 Non-Smoker Protection Act that banned smoking in most enclosed places; 15 and policies concerning e-cigarette use in particular. 14 Although there is an ongoing national effort to regulate ATPs in the country through the Food and Drug Administration's Deeming Rule, 16 many successful tobacco policies began at the local level before being adopted on the state or national level. 17 Thus, a region-specific intervention in Northeast or Appalachian Tennessee has a great potential in reducing the high prevalence of tobacco use in the region. Consequently, in 2015 our research team was contracted by the Tennessee Health Department to develop a comprehensive plan to prevent tobacco use initiation, protect non-smokers against exposure to secondhand smoke, and to promote tobacco use cessation in Northeast Tennessee. We identified the lack of research on youth tobacco use in the region as a major challenge to tobacco control in the region. 14 The present study is an integral part of our efforts to fill this gap by generating data to guide the region-specific interventions to prevent tobacco initiation in the Appalachian parts of Tennessee.
Methods
Participants. This study was approved by the institutional review board (IRB) of the corresponding author's institution.
Data were obtained from a school-based tobacco use survey, Youth Tobacco Survey, conducted in two predominantly rural Central Appalachian counties 3, 18 in Northeast Tennessee in 2015-2016. The Department of Health initiated the school survey to obtain data on the use of tobacco products, including cigarettes, smokeless tobacco use, e-cigarette, cigar, and cigarillos among school-going children and adolescents. Letters were sent to the children's parents/ legal guardians explaining the nature of the survey and date of administration. Both passive and active consent procedures were used to obtain parent/ legal guardian's consent for their children to participate in the survey. The participation of the students in the study was voluntary, and all parents/ legal guardians had the opportunity-without any retribution-to refuse or retract permission if they did not consent to the participation of their children in the survey. All students whose parents/ legal guardians provided informed consent and who were present in class on the day of the survey were invited to participate in the study. Approximately 51% of eligible participants participated in the survey. As part of the process, the researchers agreed to make the survey anonymous with no ability to trace responses to any individual student and to collect very limited demographic information. Data (N=573) used in this analysis were obtained from surveys administered to students in grades 6 to 8. Overall, 11 middle schools participated in the survey.
The survey questionnaire contained 27 items: 24 questions on tobacco use, perception, and exposure to tobacco use by people living with the student, and three demographic information questions. The tobacco-related questions were adopted from the NYTS questionnaire.
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Study variables. Dependent variable. The main outcome variable was ever-use of ATPs, defined as any non-cigarette products, including chewing tobacco, e-cigarettes, snuff, dip, cigars, cigarillos, hookah, waterpipe, snus, bidis, pipes, and dissolvable tobacco. This variable was ascertained by the questions: "Have you ever tried chewing tobacco, snuff, or dip such as Redman or Skoal?" (Yes/ No), "Have you ever tried cigars or cigarillos (little cigars)?" (Yes/ No), "Have you ever tried electronic cigarettes, even one or two puffs?" (Yes/ No), and "Have you ever tried any other tobacco products not mentioned previously, such as hookah, waterpipe, snus, bidis, or dissolvable tobacco products (e.g., Ariva, Stonewall, Camel orbs, sticks or strips)?" (Yes/ No). Participants were considered to have used ATPs if they answered "Yes" to any of the questions. Participants who answered "No" to all the questions were deemed to have never used ATPs. To calculate the prevalence of ever use of ATPs, we classified tobacco products into cigarettes, smokeless tobacco (chewing tobacco, snuff, or dip), cigars or cigarillos, e-cigarettes, other tobacco products (hookah, waterpipe, snus, bidis, or dissolvable tobacco products) and ATPs (all non-cigarette products).
Independent variables. The selection of independent variables was based on the Ecological Model of Health (EMH), 20, 21 which was developed to redirect public health promotion to factors outside the individual that affect individual's behavior. 22 We, therefore, included intrapersonal (age, sex, grade, perception of harm, the belief that tobacco users have more friends), interpersonal (peer or family pressure, living with a tobacco user), and environmental (owning tobacco-branded item(s), home smoking rules) factors. The belief that tobacco users have more friends was assessed by the question, "Do you think young people who smoke cigarettes have more friends?" (Yes/ No), whereas owning tobacco-branded item(s) was measured by the question, "Have you ever bought or received anything such as a lighter, t-shirt, hat, sunglasses, or other items that have a tobacco brand name or picture on it?" (Yes/ No). Pressure to use tobacco product was assessed by the question, "Have you felt pressured by a friend or family member to use tobacco products?" (Yes/ No). Perception of harm was assessed for all tobacco products by the question, "How strongly do you agree or disagree with the statement "All tobacco products are dangerous?" [Strongly agree, Agree, Disagree, Strongly disagree]. Participants who answered "Strongly agree" or "Agree" were considered to perceive tobacco products as harmful, while those who responded "Disagree" or "Strongly disagree" were classified as those who believed tobacco products or some products are not harmful. Home smoking rules were categorized into smoking allowed, smoking restriction (homes in which smoking is not allowed but with exception), and smoke-free (homes in which smoking is completely not allowed). Participants were considered to be living with a tobacco user if they reported that at least one member of the household uses tobacco. Age was classified into below 13 years and 13 years and older, while sex was categorized as male and female and grade as 6th, 7th, and 8th grades.
Statistical analysis. Descriptive analysis was conducted to describe participant characteristics and proportions of participants in the categories of the outcome and independent variables. Prevalence of ever-use of ATPs in the categories of independent variables were compared using chi-square tests. We calculated prevalence of ever-use of the four categories of ATPs (smokeless tobacco, cigars or cigarillos, e-cigarettes, and all other non-cigarette tobacco products). Due to the small sample size, we could not conduct multinomial logistic regression to examine factors associated with ever-ever use of multiple ATPs so we examined factors associated with any ever-use of ATPs. A multiple logistic regression model was performed to assess the associations between independent variables and ever-use of ATPs. The binary variable "ever-ever use of ATP" (1 = ever used, 0 = never used) was the dependent variable in the model. The Full Information Maximum Likelihood estimation (FIML) 23 method in Mplus 24 was used to conduct the logistic regression analyses in order to account for missing data in the analysis. By using the FMIL estimation method, any participant with at least one valid data point was incorporated into the analysis. 23 The FMIL was appropriate because it has been found to yield less bias than other methods of handling missing data in regression. 23 The significance level was set at 0.05 at two sides. Data management and descriptive statistics were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA), and the multiple logistic regression analysis was performed in Mplus version 7.4. 24 We report adjusted odds ratios (ORs) and the associated 95% confidence intervals (CI).
Results
Participant characteristics and prevalence of ever use of ATPs. Table 1 illustrates the characteristics of the analytic sample. Of the 573 participants, 52.9% were females, and 26.9%, 29.1%, and 43.5% were in 6th, 7th, and 8th grades, respectively. Age ranged from 10 to 15 years (Mean=12.55±2.4), with 38.6% under the age of 13 years. Additionally, 5.1% of participants currently used tobacco products (i.e., used any tobacco product in the past 30 days). Half of the participants (50%) believed that people who smoke tobacco have more friends and 7.2% had ever smoked cigarettes. Table 2 shows the prevalence of ATP use among the study sample. Overall, 13.2% of the participants had ever used ATPs (9.3% females; 17.4% males). The prevalence of ever-use of ATPs was similar for participants under 13 years old and those over 13 years old (13.4% vs. 12.2%, p=0.6840). Among participants who were exposed to tobacco promotion, 54.0% had ever used ATPs, whereas 53.9% of those who reported having been pressured to use tobacco had ever used ATPs. About one in five (20.7%) of those who did not perceive tobacco products as dangerous had ever used ATPs, compared with 12.0% of those who agreed that all tobacco products are dangerous. Table 3 shows the pattern of use of the four types of ATPs considered in this study. E-cigarettes were the most commonly used products (9.3%), followed by smokeless tobacco (5.9%). The most commonly dual ever-use products were e-cigarettes and smokeless tobacco (3.7%), followed by e-cigarettes and little cigar/ cigarillos (1.6%). Overall, 8.6%, 2.6%, 0.2%, and 1.2% had ever used only one ATP, two ATPs, three ATPs, and all four ATPs, respectively. Thus, about 4% of the participants had ever used more than one ATP.
Factors associated with ever-use of ATPs among the middle school students. Table 4 shows factors associated with ATP use. Controlling for the effects of all other independent variables in the model, participants in grade 7 had greater odds of ATP use than those in grade 8 (OR=5.39, 95% CI=1.55-18.74). Participants who believed that tobacco users have more friends had increased odds of ATP use compared with those who did not hold this view (OR=6.93, 95% CI=2.75-17.44). The odds of ATP in participants exposed to tobacco promotion were more than six times the odds in those not exposed to tobacco promotion (OR=6.36, 95% CI=2.69-15.04). Compared with participants who did not believe that all tobacco products are dangerous, those who perceived all tobacco products as dangerous had 69% decreased odds of ATP use (OR=0.31, 95%CI=0.11-0.88). Additionally, living with a tobacco user, living in homes where smoking is allowed and ever cigarette smoking were associated with significant increases in the odds of ATP use (see Table 4 ).
Discussion
Major disparities exist in the prevalence of tobacco use in the U.S., with the highest prevalence in counties in the Central Appalachian region. 4 These disparities suggest that research into tobacco use in the region is critically needed in order to achieve the goal of reducing such disparities and achieving adult smoking rate of 12%. 2 Since the region has unique features 25 that limit the impact of national and statewide policies and programs, 14 this study was conducted to estimate the prevalence and multiple use of ATPs and identify correlates of use in school-going youth to inform prevention initiatives. Consistent with the literature, 11 it was found in this study that e-cigarette use has surpassed all other tobacco products considered. Alternative tobacco product use is more common than conventional cigarettes among students. The results of the study also revealed evidence of multiple use of ATPs among the participants.
This study adds to the growing evidence of the uptake of ATPs among population subgroups, 26, 27 as the use of conventional cigarettes continues to decline. 1 These new or emerging products have been advertised as risk reduction devices by the tobacco industry, or alternative products to use in places where conventional cigarette smoking is not allowed. 28 There are concerns that the use of these products, besides health effects, could lead to transition into conventional cigarette smoking and erode public health gains in tobacco control, and that dual-and poly-products will increase the risk of addiction. [29] [30] [31] Thus, the results of this study highlight the need to monitor use of ATPs carefully because more children and adolescents may be using these products because of their appeal due to marketing and promotion by the tobacco industry.
In the multiple logistic analysis, it was found that age and sex were not significantly associated with ATP use, although the odds ratios were in the expected direction: the odds were increased in males and participants older than 12 years. This generates the need for a further study with a larger sample to evaluate the impact of demographic factors on ATP use in this population.
The results show that perceiving all tobacco products as dangerous was associated with decreased odds of ATP use. This finding is consistent with studies that found that adolescents who held high perception of smoking-related risks were less likely to initiate smoking, 32 and believing that smoking is addictive and the deleterious health effects occur in the short term deter youth from tobacco use. 33 Although some tobacco products may be less risky than others, 34, 35 the exposure to all types of tobacco products in youth is a public health concern. This is because of the risk of addiction to nicotine and subsequent tobacco dependence. 6 The finding in the present study suggests that youth-specific anti-smoking messages that highlight the danger of experimentation with tobacco products may dissuade youths from the use of alternative tobacco products, which have been marketed with reduced risk claims. Thus, school-based tobacco control programs should include lessons on nicotine and the dangers associated with exposure to nicotine in all tobacco products.
The results of the study show that the perception that tobacco users have more friends, and owning tobacco-branded item(s) were significantly associated with increased odds of ever-use of ATPs. Alternative tobacco products such as hookah have been promoted for social use, 36 which may account for the significant association with the perception identified in our study that tobacco users have more friends. Similar to these results, a survey conducted among adolescents in Massachusetts found a relationship between owning tobacco-branded items and subsequent smoking. 37 It was found in that study that owning tobacco-branded items and being able to name the brand that caught attention increased the odds of initiating smoking by more than two times (OR=2.70, 95% CI= 1.24, 5.85), compared with neither owning such items nor being able to name a brand. 37 These branded items may promote tobacco use among youth through association of tobacco with objects that are desirable or everyday objects, which pose no risk to the owner, leading to the development of positive affect towards tobacco use. 38 Thus, like the advertising, marketing, and promotion of cigarettes that were curtailed by the Master Settlement Agreement (MSA), 39 there is an urgent need to curtail such activities for ATPs, as they enhance use. Indeed, the findings of our study support the Food and Drug Administration (FDA)'s "Deeming" regulation that extended the coverage of tobacco regulations to all ATPs. 16 Although the FDA is in the process of regulating these products, evidence suggests that many types of tobacco regulatory policy begin at the local level before being adopted on the state or national level. 17 Thus, the Northeast Tennessee region may need to further develop stricter laws or strengthen the enforcement of the existing laws to prevent tobacco promotion to youth and youth access to tobacco souvenirs. This can only be possible through the repeal of preemption of tobacco regulation in the state. 40 It has been reported that the smoking status of parents and friends predict the onset of smoking, 41, 42 and living in smoke-free homes prevent smoking initiation. 43 Our results showed that, controlling for other variables in the model, participants who reported having been pressured to smoke in the past year, those living with tobacco users, and participants living in homes where smoking is allowed had a significant increase in the odds of ATP use. As these results are consistent with the existing literature, [41] [42] [43] they suggest the need for comprehensive state-wide policy that incorporates ATPs, and school-based tobacco control programs aimed at associating tobacco products with negative images to counteract the tobacco industry advertising claims, similar to the "Truth!" campaign. 44 This study has limitations that must be taken into consideration when interpreting the results. First, the data were collected by self-report, making the study susceptible to recall and social desirability biases; however, the validity of self-report method can be enhanced when privacy and confidentiality are assured, 45 as was done in the data collection for this study. Additionally, if these biases occurred, it would rather lead to underestimation of the prevalence of the use of the tobacco products. Thus, controlling such biases will strengthen, instead of weaken, the study results. Second, because of the anonymity agreement between the participating schools and the Department of Health, our study could not assess other important variables that may influence the use of ATPs such as family socioeconomic status and ethnicity (as this information was not available). Third, since the study is correlational, temporality cannot be established. Fourth, when comparing the results with other studies, readers should consider that this study measured ever-use of ATPs which includes experimentation with the products. Despite these limitations, the study contributes to the sparse evidence on the use of ATPs among population subgroups and efforts to address disparities in tobacco use in communities across the U.S. Moreover, with the involvement of 11 schools in the study, the results can fairly be extrapolated to school-going youth in the region.
Conclusion. The Central Appalachian region of the U.S. has unique characteristics that have likely contributed to the high prevalence of ever-use of ATPs. Simultaneously, there is a nationwide uptake of novel tobacco products that the tobacco industry portrays as harm-reduction devices, and marketed strategically to increase their appeal through positive association with desirable things and situations, such as independence. With Tennessee being the third largest tobacco-growing state-with a near absence of information on youth use of ATPs-this study provides information to aid communities in Appalachian Tennessee and the entire Central Appalachian region in preventing ATP use and for policy development and advocacy initiatives. The results showed that ATP use is more common than conventional cigarettes and there are no demographic differences in the use of these products. Additionally, the results suggest that positive images of tobacco products may promote ATP use. Thus, interventions should seek to reduce these positive images of tobacco by replacing them with negative ones to make tobacco unappealing to the youth. Ultimately, more studies are required to monitor ATP use and to inform community-based interventions in this high-risk population.
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